The simulation. of the STM image of a hydrocarbon tail of a fatty acid was carried out and compared to the experimental results. The simulation procedure includes calculations of the distribution of an isolated molecule electronic density by the extended Huckel-Hoffmann method. An agreement between the calculated and experimental STM images of closely packed Langmuir-Blodgett film of cobalt behenate on the graphite surface was observed. The weak interactions between the graphite. surface and the adsorbed molecules constituting bi-and multiIayer Langmuir-Blodgett films can be neglected in simulations of STM images.
Introduction
Scanning probe microscopy is an attractive tool for three-dimensional imaging of biological objects, including such model prototypes of biological membranes as Langmuir-Blodgett (LB) films. Interpretation of the scanning tunneling microscopy (STM) images of molecular layers cannot be done efficiently without rational theoretical treatment.
There exist a number of approaches to the understanding of STM images of adsorbate molecules on a substrate [1] [2] [3] . In one of the first theoretical attacks for the case of organic adsorbate, Lippel et al. [2] showed a similarity between the frontier molecular orbital electron density distribution and the STM image of copper-phthalocyanine molecules. A more rigorous approach for calculation of the tunneling current between the tip and an .adsorbate/substrate system was proposed later by Ou-Yang et al. [3] . We use this approach to interpretation of the STM images of closely packed cobalt behenate LB films on the high oriented pyrolytic graphite (HOPG) surface.
The objective of the present work is to compare the experimentally obtained STM images of organic adsorbates with those predicted by theory.
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Experimental details
Atomic force microscopy (AFM) images were obtained using Digital Instruments Nanoscope I IIa. The tunneling microscope was the original instrument constructed at Moscow State University [4] .
Two types of mono-and multilayer films of cobalt behenate were prepared by: (i) usual LB "vertical" method; (ii) modified "horizontal lift" method, when the monolayer spread on the subphase is deposited on an HOPG when the level of the subphase surface with LB film decreasing below horizontally kept graphite substrate. The monolayers were prepared by spreading chloroform solutions of behenic acid (C21H43COOH) with a density of 0.5-1 mg/ml on the subphase of CoBr2 (5 x 10 -4 M). The layers were compressed to a surface pressure of 20, 30, or 40 mN/m.
Calculation procedure
Considering that the molecular orbitals are written as linear combinations of atomic orbitals χi one obtains, in accordance with [3] , the following expression for adsorbate contributions to the tunneling current for a given tip-substrate distance: where d; denotes the m-th d-orbital of the tip atom closest to the sample. The molecular orbital coefficients ci and energy levels of the film-forming molecules were calculated by the extended Huckel method [5] . Necessary parameters were taken from Refs. [5] [6] [7] .
Results and discussion
A typical image of Co-behenate 1-Y layer is presented in Fig. 1a . The holes in the LB film were used for determination of the layer thickness. The value of 78 Α for the 1-Y layer film was obtained, suggesting that the CoBr 2 subphase was incorporated in the bilayer film (the tnickness of a bilayer film of fully stretched behenic acid molecules is equal approximately to 56 Α [8] ). It was also found that bi-and multilayers exhibit better homogeneity and ordering than monolayers. Unlike the "vertical" deposition method, deposition at 30 mN/m by the "modified horizontal lift" technique produced practically defect-free layers.
HOPG surface is clearly seen with molecular resolution in Fig. 1b, c . Molecular resolution of the surface of cobalt behenate is obtained in Fig. d. Figure d differs from the usual STM image of a bare graphite surface because of the presence of an LB film. The experimental STM images suggest the regular two-dimensional arrangement of the molecules. Since the STM images were taken with relatively large tunnel gaps, corrugations usually attributed to the metal ions are not observed.
We found a good correlation between the obtained ratio of two-dimensional lattice parameters b/α = 1.93 (Fig. lc) and an analogous value b/α = 2 determined with AFM in monolayers of stearates [9] . The packing density (surface area per molecule) is about 24 $2 which is in a reasonable agreement with the limit surface area of the cobalt behenate film (20.5 Α 2 ). It is suggested that the observed ćorru-gatíons correspond to closely packed alkyl tails of the organic layer. The difference between determined surface area per molecule and limiting one is connected with the slight tilt of alkyl tail relatively to the surface normal.
For the terminal methyl groups of the alkyl tail we calculated three tunneling current distributions using the assumptions that the only orbitals involved in the tunneling process are: (i) the highest occupied molecular orbital (HOMO), (ii) the lowest unoccupied molecular orbital (LUMO), (iii) all molecular orbitals.
The optimized molecular geometries were obtained using Alchemy-ΙΙ package. The resulting 3D images are shown in Fig. 2a -c. The image in Fig. 2c (the case of all MO's) was found to be in the best agreement with experiment. Images of an LB fllm on graphite surface shown in Fig. 2d were obtained by superimposing the plot of the current density distribution for selected group of molecule calculated using Eq. (3.2) on the plot of the current density for the graphite surface. A good agreement between Figs. d and 2d is clearly seen.
Conclusions
We observed an agreement between the calculated and experimental STM images of closely packed LB films on the graphite surface. The images of the LB films of fatty acid salts obtained by AFM and STM methods were found to have many similar features. The weak interactions between the graphite surface and the adsorbed molecules constituting bi-and multilayer LB films can be neglected in simulations of STM images.
